ABSTRACT
INTRODUCTION
Unlike as mammalian collagenase, bacterial collagenase (or metalloproteases), is one of the features of pathogenic virulence, invades the different segments of helical structure of collagen and converts it into fragments. These collagenases are representative enzymes specifically of Clostridium histolyticum and Pseudomonas aeruginosa type invasive strains 1 . Collagenases are widely used in the treatment of various fibro-proliferative disorders including Peyronie's disease, Dupuytren's disorder and also proved the choice of medicine in treatment of keloid, intervertebral disc hernia, Glaucoma, Vitrectomy and in different burn related wound healing 2 . It is most commonly used in detachment and segregation of tissue cells in medical investigation 3 . Although bacterial collagenase detected its applications in various disciplines, yield of collagenase production requires to be fabricated to make it economically compatible. Hence it is quite essential to optimize the yield of biomass quantity of specific bacterial culture lead to produce collagenase and its assay in terms of specific activity by employing process improvement strategies 4 . Though various research works have optimized media components and different process parameters in order to increase bacterial collagenase (BC) yield from various sources 5, 6, 7 unlike pathogenic nature revealed by different species of Vibrio, Pseudomonas and Clostridum histolyticum and Clostridium perfringens; non-pathogenic species of Clostridium novyi -NT are available with high molecular mass as an important characteristic of bacterial collagenase unlikely in Vibrio, Pseudomonas, Bacilli and other Clostridium species. For instance, the high molecular masses of collagenase ensure effective binding of enzyme with collagen, most likely by the presence of the Collagen Binding Domains 8 (CBD). Optimization of processing parameters governs a key role in the innovation of any process task owing to their influence on the economy and efficacy 9 . Designing a particular fermentation medium and conditions is of vital importance for efficient and magnified yield of microbial metabolites as active medicinal products via fermentation process, as it can remarkably affect product yield or concentration and thus cost and ease in further downstream process of separation 10 . Statistical experimental designs are more effective than 'at a time one' method, which is complex, laborious and timeconsuming, specifically in screening of multi-variables, and interactions among all different variables 11 . Rather, statistical designs impart an efficient and systematic task-plan for assessment of different parameters at a time so that those can be simultaneously studied. Therefore, in recent era number of statistical experimental designs are being utilised to innovate the key factors from a multivariable system because optimization of process via statistical designing not only allows high-speed screening of large experimental domain, but also reveals the role of each components and interactions among themselves 12 . Response Surface Methodology (RSM) is an efficient tool for optimization of different process parameters that employs data in quantitative manner from a suitable experimental design model to assess and concurrently resolve multivariate equations. A statistical design of experiment such as Central Composite Design (CCD) is usually involved and by at least square technique second-order polynomial is fitted. Normally an equation is employed to explain the test variables, and overall combined effect of all the test variables on the response 10 . The objectives of this investigation includes optimization of bacterial biomass concentration for highest collagenase production from Clostridium novyi -NT and crude collagenase activity determination with the interrelationship among the media ingredients on novel clostridial species using response plots along with designing and optimization of significant factors with application of central composite design (CCD).
MATERIALS AND METHODS

Microorganism
Clostridium novyi -NT strain as it is reported 13 earlier as choice of clostridial strain for industrial collagenase production was used in this study and procured from Lokmangal Biotechnology Institute, Wadala. The culture was maintained on reinforced clostridial media (RCM, Hi-media) slants, transferred and stored at a temperature of 2 o C to 8 o C in the refrigerator.
Materials
All chemicals and media components were analytical grade and procured from the Sisco Research Laboratory, Mumbai.
Culture media and growth conditions
One litres of fermentation medium 14 was prepared with the following composition: 1.5% Trypticase soy broth, 5.0% Proteose peptone, 80 mg MgSO4-7H2O, 1.92 g KH2PO4, 9.0 g Na2HPO4, 5.0 ml vitamin concentrate (100 ml. of this vitamin concentrate contains: 20mg each of Calcium pantothenate, nicotinic acid, pyridoxine, pimelic acid, thiamine and 2.0 mg of riboflavin), 6.0 ml FeSO4 solution (0.120% by weight) pH 7.0 was used in the study. 100 ml volume of medium in 250 ml of conical flask was inoculated with bacterial suspension and incubated at 37°C for 22 hours in anaerobic condition.
Biomass concentration
An absorbance taken at 600 nm (A600) was adopted to reflect the biomass concentration since higher absorbance is directly proportional to highest collagenase production using spectrophotometer 15, 16 .
Isolation of crude collagenase enzyme
After fermentation, samples were collected from shake flasks and the Clostridial cells were segregated from broth by centrifugation at 10,000 g for 10 min. Saturated ammonium sulphate was poured to the clarified fermentation solution to precipitate out the enzyme collagenases. The precipitated crude enzyme further lyophilized by freeze dryer 14 .
Determination of crude collagenase enzyme activity Lyophillised enzyme was further dissolved in 0.05 M TES buffer containing 0.36 mM of calcium chloride, pH 7.5 in concentration of 1 mg/ml. Dilutions were prepared as 1/10 and 1/20 in the same buffer solutions. 25 mg of bovine collagen was weighed into each four test tubes. Two tubes used to serve as blanks which were without enzyme. 5.0 ml of 0.05 M TES buffer containing 0.36 mM of calcium chloride, pH 7.5 was added to these tubes and same incubated at 37°C for 15 minutes. Reaction was initialised by addition of 0.1 ml of diluted enzyme solution in appropriate tubes. After 5 hours, collagenase reaction was stopped and followed with withdrawal of 0.2 ml of solution (leaving behind the collagen) and transfer to test tubes previously prepared with 1.0 ml of ninhydrin-citric acid mixture. A blank (collagen incubated with 0.1 ml TES buffer instead of enzyme) was included. Tubes were heated for 15 minutes in a boiling water bath. After cooling, each tube was diluted with 5 ml of 50% n-propanol. Allowed to stand at room temperature for 15 minutes and read absorbance at 600 nm. From an L-leucine standard curve micromoles amino acid equivalent to leucine liberated is determined 17, 18 . For optimization studies, the composition of the culture medium viz. trypticase soya broth, proteose peptone and pH was varied 14 , while buffers, vitamin concentrate amount and time of fermentation were not varied.
Response surface methodology and central composite designs A factorial CCD for three factors along with replicates at the centre point was used for optimisation trial studies. The variables used were trypticase soya broth, proteose peptone and pH each at five coded levels (−α, −1, 0, +1, +α), as shown in Table 1 . The relation between the coded forms of the input variable and the actual value of the trypticase soya broth, proteose peptone and pH are described in equation (1):
Where xi is a coded value and Xi the actual value of the factor, X0 the actual value of the same variable at the centre point, ΔXi the step change of the variable.
Selection of independent variables
In this experiment trypticase soya broth and proteose peptone are selected as independent variables as their overall concentration is higher in media, moreover they both serve as carbon as well as nitrogen source of nutrients for growth of clostridium strain. During fermentation process, these nutrients may enhance the biosynthesis of precursors that regulate the metabolism and influence the end product synthesis. The type of nutrients and their concentrations in the medium play an important role in initiating the production of primary and secondary metabolites. Generally, carbon and nitrogen sources present in the medium can enhance the metabolite production while in certain case it also cause toxicity to the microbial cells even at lower concentrations. Hence, not only the cost even the dynamics of nutrients was considered to determine its role as independent variable in this optimisation process 19 . pH is recognised as a key factor in optimum absorbance as well as for collagenase activity which may vary according to clostridia species, types of substrate and fermentation conditions. The present CCD trial are involved with a total 20 experimental trials that included eight factorial design trials, six axial points trials (two for each variable), and six replication trials of the central points (see Table 2 ). These three factors, along with five coded levels involving 20 experimental runs, were considered for analysis and the received experimental data was employed for a better estimate for further optimisation studies. The quadratic model in CCD for prediction of the optimal point is addressed as per following equation (2):
where y is known as response variable while b0, bi, bii, bij are the regression coefficients variables and xi and xj are independent variables. Twenty runs, at all possible combinations of the factor levels, were performed to determine the optimal concentration of trypticase soya broth (A), proteose peptone (B) and pH (C) and to develop a mathematical correlation. All three variables were investigated at low level (-1), zero level (0) and high level (+1), respectively, with α = 1.682.
Statistical Analysis
Statistical model analysis was evaluated to determine the analysis of variance (ANOVA) and the quadratic models were constituted as 3D contour plots using Design-Expert® 7 software 20, 21 .
RESULTS
The optimization of different parameters for fermentation proBcess of crude collagenase by C. novyi-NT was successfully conducted in at laboratory experiments. Table 2 presents the experimental design of full factorial model (CCD) with the correspondent responses absorbance and collagenase activity. Based on the results, second order polynomial equation obtained as outlined in equation (3) and (4) as follows: 
where y1 is the response variable which is representative of biomass concentration in terms of absorbance, y2 is collagenase activity. A is the code for quantity of trypticase soya broth, B is for proteose peptone, C is for pH. Table 3 and Table 4 show the summary of analysis of variance (ANOVA) for quadratic model in case of absorbance while Table 5 and Table 6 show in case of enzyme activity. In both case statistics among the raw R-Squared value, the related Adjusted R-Squared and the Predicted R-Squared can be observed as a decreasing trend, and they are most consistent for the quadratic-polynomial model as indicated in Table 4 . In case of absorbance the "Pred R-Squared" of 0.7736 is found as reasonable agreement towards "Adj R-Squared" of 0.9254. This "Adeq Precision" is responsible for measurement of signal to noise ratio. In case of collagenase activity, the "Pred RSquared" of 0.7493 is in appreciable agreement with the "Adj R-Squared" of 0.9141. Signal to noise ratio is measured by "Adeq Precision". This model can be used for navigation of design space. Moreover, smallest PRESS (predicted residual sum of squares) statistic indicates how well the quadratic model fits the data 22 . Table 4 and Table 6 shows the F-value of 27.18 in case of absorbance and 23.48 in case of collagenase activity which indicates the quadratic model is most significant and the value of "Prob > F" less than 0.05 denoted that the different model terms are also significant. There is only a 0.01% chance that the F-value large due to noise. The respected lack-of-fit F-value of 2.30 and 1.92 implies that the lack-of-fit is not significant and model terms like A, B, C, BC, A 2 , C 2 are found most significant in case of absorbance (Table 3) reponse while in case of collagenase activity B, C, AB, BC, A 2 (Table 5 ) model terms found significant 19 . Three dimensional (3D) response surfaces plots were framed as per model equation to find out the level of interaction among the variables and to evaluate the optimum concentration of each factor on maximum biomass density of C. novyi-NT sp. in terms of absorbance and collagenase enzyme activity 23 . Figure 1 shows Effect on biomass in terms of absorbance due to the interactions between trypticase soya broth and proteose peptone. Biomass concentration (absorbance) enhances with increasing soya broth concentration (1 %, w/v to 2 %, w/v) and also cause of peptone (4.5 %, w/v to 5.5 %, w/v). In figure 2 Absorbance decreases as we increase the pH of media from 6.5 to 7.5 but at same time it shows sharp increases while increasing soya broth concentration from 1.0 %, w/v to 2 %, w/v. We also observed decline in absorbance when pH of media was increased from 6.5 to 7.5 but it was not affected remarkably due to increased concentration of peptone from 4.5 %, w/v to 5.5 %, w/v as in figure 3 . In case of figure 5 enzyme activity was not influenced much due to increase in media pH from 6.5 to 7.5 but it was observed with sharp increases due to increased concentration of peptone (4.5 %, w/v to 5.5 %, w/v) in media simultaneously.
(a) (b) Figure 5 . Response surface curve (a) and contour plot (b) for enzyme activity, illustrating interactions between pH and peptone concentrations after 22 h of fermentation.
In case of figure 6, pH and trypticase soya broth interaction shows, slight decline in collagenase activity as pH was increased from 6.5 to 7.5 and at same time it was not affected significantly rather it found inappropriate increase in concentration of 1.0 %, w/v to 2.0 %, w/v due to trypticase soya broth. 22 for absorbance and enzyme activity helps in comparing the effect of each factor at a specific point using space design. The response is shown graphically by varying one factor while other factors remain constant. One factor that was found to affect absorbance and enzyme activity was pH (curve C) followed by trypticase soya broth (curve A). The optimization of these affecting parameters was carried out further in order to experience the enhanced biomass concentration and augmented collagenase activity further as follows. The limit and criterion were set as presented in Table 7 . 
DISCUSSION
Response surface methodology proved to be a powerful tool in optimizing the fermentation medium for C. novyi-NT. In the present study, the experimental results clearly showed that the biomass density of C. novyi-NT was rely mainly on the pH and proteose peptone concentration in media. It is also evident from the results that the trypticase soya broth had marked with inappropriate behaviour especially in optimisation of enzyme activity. The trypticase soya broth is probably involved in enhancing the growth of the bacterium due to presence of various nutritional elements in it. The reason for maintaining of 'target' criterion for all parameters during optimisation of final solution is trypticase soya broth is blamed for its cost and its sluggish involvement in augmenting biomass concentration and enzyme activity as comparison with peptone and pH. While peptone is compatible in linear way and pH is efficient for overall fermentation even at lower level at 6.5. The optimized fermentation medium for incubating C. novyi-NT composed of 1.0 g trypticase soya broth (w/v), 5.5 g peptone (w/v), with maintenance of 6.5 pH excluding remaining factors as unchanged. The C. novyi-NT is being further investigated in our laboratory for its efficiency in collagenase production characteristics and its efficacy in treatment of various fibro-proliferative disorders.
CONCLUSION
The evaluation of media components for C. novyi-NT was done in order to obtain maximum biomass yield using the central composite design statistical method. Out of eight components required in fermentation process, trypticase soya broth, peptone and maintenance of accurate pH were found to be the most significant variables and further optimization using response surface optimization technique. The absorbance which is an indication of biomass increased from 0.681 to 0.8309 and 129.12Units/mg as collagenase activity with default media parameters; this is reliable increase for this novel bacterial strain. Further isolation and purification of collagenase enzyme obtained from C. novyi-NT with special emphasis on inhibitory effects against fibro-proliferative disorders are being carried out in our lab.
